SOUTHERN CALIFORNIA ACADEMY OF SCIENCES

BULLETIN

Volume 76 Number 2

BCAS-A76(2) 73-138 (1977) AUGUST 1977



CONTENTS

Diagnostic characters and color convergence of the garter snakes
Thamnophis elegans terrestris and Thamnophis couchii atratus
along the central California Coast.

By Jeanne M. Bellemin and Glenn R. Stewart ... 73
Brooding behavior and protandry in Hipponoe gaudichaudi (Polychaeta:

Amphinomidae). By Jerry D. Kudenov ... . 85
Reconnaissance geology of Cedros Island, Baja Cahfomla Mexico.

By Frank H. Kilmer . 91

Five new morphotypes of thllobollmum delplum (Ccstoda Tetraphylhdea)

their relationship to existing morphotypes, and their zoogeography.

By Jacqueline Testa and Murray D. Dailey ... .9
The effect of endogenous 5-HT on K ion enhancement of ciliary activity

in the mussel Mytilus edulis. By Anthony A. Paparo,

Kathleen Cunningham-Paparo, and Judith Murphy ... 111
A new species of Rhinebothrium (Cestoda: Tetraphyllidea) and redescription

of three rhinebothriate species from the round stingray, Urolophus halleri

Cooper in southern California.

By Ralph Appy and Murray D. Dailey 116

Research Notes

Range extensions and new host records of cymothoid isopods (lsopoda Cynw(hoodac) in the

eastern Pacific Ocean. By Richard C. Brusca ....... o PRRTEE
The striped dolphin, Stenella coeruleoalba, in the Gulf of Cahfornm

By David A. Mullen ... sissiarsnsaiss 1138
A new species of Cymatoceras (Nauulwda Cymaloccnndue) from west Texu

By John K. Tucker and Richard S. Funk . = S, 133

Notes on the biology of Ceuthothrombium cavatirum (Acan Tmmbldudne) a pamsue
of cave crickets (Rhaphidophoridae: Ceuthophilus).

By James P. Webb, Jr., Pierre Robaux, and Glenn D. Campbell ... ... . 135
Announcement: Stmthsoman programs of hlgher education and

COVER: Ancient mexican bird motiff from a flat stamp found near Guerrero, Mexico.




Reconnaissance Geol of Cedros Island,
Baja California, Mexico

Frank H. Kilmer

Abstract.—Cedros Island is composed of late Jurassic melange of Franciscan
aspect (herein designated Cedros Formation) which nearly everywhere is in tec-
tonic contact with ophiolite and a superjacent sedimentary sequence of middle
Jurassic to late Cenozoic age. Analogy with structural relationships in California
suggests that the Cedros Formation was subducted beneath the ophiolite as
oceanic and continental plates converged. Subduction was initiated during latest
Jurassic time and concluded during the early Cretaceous. The San Carlos fault,
presumably the subduction surface, may be a southern extension of the Coast
Range thrust. During late Cenozoic time, three bodies of Cedros Formation were
uplifted along faults which truncated ophiolite, superjacent rocks through
Pliocene age, the San Carlos fault, and the San Agustin shear zone.

Department of Geology, Humboldt State University, Arcata, California 95521.

Cedros Island, which lies off the Pacific Coast of Baja California (Fig. 1),
reveals an extensive Mesozoic and Cenozoic record of the peninsular borderland.
Previous, but essentially fragmentary reports of the island geology, have been
made by Veatch (1869), Hanna (1925, 1927). Tafall (1948), Hutchins (1950), Mina
(1957), van West (1958), Kilmer (1972) and Jones et al.. (1976). This paper, based
upon reconnaissance mapping (1963-74), presents a graphic summary of the island
geology (Figs. 2, 3, and 4) and a brief discussion of Cedros Island ophiolite, late
Mesozoic subduction history and Cenozoic structural development. Nine forma-
tional units were mapped, five of which are new. including the Cedros, Choyal,
Gran Canon, Coloradito and Morro Redondo formations: formal descriptions will
appear in a future paper.

Basement Rocks, Ophiolite and Their Relations

Cedros Formation.—This melange-structured unit. which includes graywacke,
shale, chert, volcanics, limestone. serpentinite, amphibolite, and glaucophane
schist, is reminiscent of the Franciscan assemblage of California. A new name—
Cedros Formation—is provisionally designated because (1) detailed comparative
lithologic studies of the two formations have not been made, (2) geographic con-
tinuity with undoubted Franciscan of southern California, 600 km northwest, has
not been demonstrated, and (3) some lithologic differences exist. though slight, in
that limestones are more abundant in the Cedros. and bedded black cherts, rare or
non-existent in the Franciscan, are relatively common. Radiolarians from one chert
indicate a late Jurassic age (Jones, pers. comm., 1976); those from another chert
have a late Jurassic-early Cretaceous range (Riedel, pers. comm., 1974). This fossil
evidence coupled with the recognition of Cedros detritus in the superjacent Colo-
radito Formation of probable latest Jurassic age suggests that the Cedros age is
latest Jurassic and (?) older. Other occurrences of Cedros Formation in Baja Cali-
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Fig. 1. Index Map.

fornia, apparently include Ranger Bank (Emery, 1948), and the San Benitos Is-
lands, where Cohen et al., (1963) referred it to **Franciscan Group.™

Choyal Formation.—This formation consists of three steeply dipping units
which, along the north and northwest slopes of Monte Cedros, are in fault contact
with the Cedros Formation along the San Carlos fault. The belts, in order of super-
position are (1) 150- to 350-m wide belt of sheared peridotite and serpentinite,
which is separated from the Cedros Formation by the San Carlos fault, (2) an inter-
mediate, 500-m wide belt of sheared, hornblende gabbro and diorite and (3) a belt of
pillow-structured greenstones intruded by trachyandesite dikes. At Punta Norte,
the greenstones are also intruded by eight small plutonic bodies composed of
granodiorite, quartz diorite, and gabbro. The granitic intrusions apparently are
younger than the trachyandesite dikes. Suppe and Armstrong (1972) dated two
quartz diorite cobbles from Punta Norte at 142 = 13 my and 148 = 6 my, indicating
late Jurassic plutonism. The Choyal is interpreted as an oceanic crust/mantle rem-
nant because of its similarity to rock sequences in California which Bailey et al.,
(1970), concluded were fragments of ancient oceanic crust.

Gran Canon Formation.—The lower third of this unit is radiolarian siliceous
shale which rests depositionally upon Choyal greenstones. The siliceous shales
grade upward into a clastic section including hornblende-rich sandstones, silt-
stones, andesitic conglomerate, and minor volcanics. Bositra buchi (Roemer), a
small marine bivalve from near the middle of the formation, indicates a middle
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Jurassic (Bajocian-Callovian) age (Imlay, pers. comm., 1968). Similar lithologic
sequences, which rest depositionally upon oceanic crust, are reported from the
Coast Ranges (Bailey et al., 1970; Page, 1972), but these appear younger (i.e.,
late Jurassic-early Cretaceous) than the Gran Caion. Gran Caion correlatives may
occur in the Sierra Nevada or Peninsular Ranges which include middle-late Jurassic
sedimentary sequences (Schweikert and Cowan, 1975; Imlay. 1964).

Cedros Island Ophiolite.—If the Choyal is correctly interpreted as an oceanic
lithosphere remnant, then siliceous shale of the Gran Cafon and the Choyal con-
stitute an ophiolite. The ophiolite is not completely exposed at any one place be-
cause of faulting and overlap by younger beds. The Choyal peridotite/serpentinite
and gabbro/diorite belts are exposed 5 km west of Cedros town, while Choyal
greenstones and Gran Canon siliceous shale are revealed in Gran Cafon.

The San Carlos Fault and Subduction

The San Carlos fault is a steeply dipping. northeasterly trending fault which
separates Cedros and Choyal formations along the western and northern slopes of
Monte Cedros. Along it, Cedros rocks are locally foliated and altered to
glaucophane schist, while the adjacent Choyal serpentinite/peridotite belt is per-
vasively sheared. The arcuate pattern of the Choyal, dipping steeply away from a
Cedros “‘core,” suggests that the Cedros Formation structurally underlies the
Choyal. The absence of dikes in the Cedros, so widespread in the overlying
Choyal, coupled with melange development within the Cedros Formation itself,
suggests that the Cedros was tectonically emplaced beneath the Choyal, either by
subduction of Cedros or obduction of Choyal. Given substantial evidence favoring
Mesozoic subduction in California, (Schweikert and Cowan, 1975; and others),
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Cedros emplacement is explained by subduction along the San Carlos fault, be-
neath a westerly-moving continent which had earlier incorporated an ophiolite
(Choyal-Gran Canon) along its western margin.

Duration of Subduction

Detritus of probable Cedros origin occurs in two formations which lie deposi-
tionally immediately above the Gran Canon, including the Coloradito (late Juras-
sic) and Eugenia, (latest Jurassic-early Cretaceous). The Coloradito is composed
of megabreccia and interbedded units of thinly bedded sandstone and shale. The
megabreccia includes blocks of (1) abundant black chert, green chert, graywacke
and greenstone of Cedros aspect, (2) occasional limestones, some of which con-
tain Paleozoic fossils (Jones, pers. comm., 1976) and (3) rare Gran Caion
sandstone. These blocks ““float™ in a dark gray, shaly matrix of probable Cedros
origin. In the Eugenia conglomerate, rare glaucophane schist occurs at one place.

To account for Cedros detritus in the Coloradito, it is postulated that subduc-
tion began in latest Jurassic time with Cedros rocks being, in part, uplifted along
the converging continental/oceanic plate margin so that elevated blocks and mass-
es of sheared shale could slide eastward and accumulate on the Gran Cafon.
Blocks of Paleozoic limestone and Gran Canon sandstone may have been derived
directly from the continent during Coloradito deposition or were deposited earlier
in the Cedros *‘geosyncline’” and later redeposited along with chert, graywacke
and greenstone. Periods of megabreccia deposition alternated with deposition of
sands and muds. The rarity of glaucophane schist suggests that only a relatively
small amount of this rock type was being revealed at the surface during Eugenia
deposition.

Termination of subduction is suggested by the contact separating Cedros and
Valle formations, 4 km southwest of Cedros town where Cedros rocks are **over-
lain’* by Valle sandstone and shale along a gently north-dipping contact. Valle
strata show little structural disturbance or alteration adjacent to the contact ex-
cept for being **blackened’” adjacent to thin seams of serpentinite which occupy it
locally. In one place, Valle strata completely surround a knoll of Cedros rocks;
the orientation of the strata surrounding the knoll is essentially constant with no
signs of major faulting, diapiric deformation or landsliding. This contact is inter-
preted as an unconformity along which serpentinite was squeezed, causing minor
shearing and blackening of adjacent Valle strata. If the Cedros/Valle contact is
correctly interpreted, then Cedros subduction probably terminated during the
early Cretaceous (pre-Cenomanian), well in advance of the termination of Fran-
ciscan subduction in California (Page, 1970). It is not clear when Franciscan
subduction along the Coast Range thrust (Barbat, 1971) began in California. Bar-
bat (1971) proposes a late Cretaceous beginning, while Schweikert and Cowan
(1975) and Dickinson (1975) suggest a late Jurassic start. If the latter age is correct,
then the San Carlos fault may be an extension of the Coast Range thrust.

Other Major Structural Features

San Agustin Shear Zone —This northwest trending structure underlies the 5 km-
wide Cabo San Agustin peninsula and a limited area at Punta Prieta (Fig. 3). It con-
sists of an extensively sheared Cedros assemblage with predominant structural
trend of N50°W. The zone appears to be a southern extension of the San Benito fault



GEOLOGY OF CEDROS ISLLAND 97

(Cohen, et al., 1963) and probably extends southeast onto the Baja California
peninsula. It may represent a zone of late Cretaceous-early Tertiary strike-slip
motion between oceanic and continental plates following Cedros subduction.

Border Faults.—During post-Pliocene time, three discrete Cedros blocks were
uplifted along sinuous, steeply-dipping faults, herein referred to as Border faults.
Fault contacts are generally marked by a band of sheared serpentinite, including
gabbro and diorite blocks. The Border faults truncate all Mesozoic and Tertiary
formations as well as the San Agustin shear zone and the San Carlos fault.

Summary

Structural and stratigraphic relationships on Cedros Island indicate a late
Jurassic-early Cretaceous subduction interval, wherein rocks of eugeosynclinal
aspect, herein named Cedros Formation, were driven beneath middle Jurassic or
older ophiolite attached to the western margin of the North American plate. The
San Carlos fault, which separates the ophiolite from the Cedros Formation, prob-
ably represents the subduction plane; it may represent a southern extension of the
Coast Range thrust. During subduction, Cedros debris, blocks of Paleozoic lime-
stone and middle Jurassic sandstones, were deposited as megabreccia on the
ophiolite and immediately overlying beds (Gran Caion Formation): Cedros debris
may have been derived by landsliding from Cedros masses locally uplifted along
the boundary of converging oceanic and continental plates. Following subduction,
it is speculated that during late Cretaceous-early Tertiary time the San Agustin
shear zone was developed, possibly as a result of strike-slip movement between
the plates. Uplift of three major structural blocks occurred during late Pliocene
time along a new set of faults, herein called Border faults, which truncated all
previous formations and major structures. General uplift during latest Pliocene
and Pleistocene time, accompanied by development of marine terraces, essen-
tially brought the island mass to its present elevation.
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